. Here, we have investigated whether the central domain of DctD, like the central domain of NifA, is transcriptionally competent in the absence of the amino-and carboxy-terminal domains.
Rhizobium leguminosarum DctD is a o-54-dependent activator, with central and carboxy-terminal domains similar to those of NifA, NtrC, and other c4-dependent activators (16) . DctD is also the regulatory partner in a two-component system that regulates transcription of dctA, a gene encoding a transport protein for dicarboxylates (1, 15) . The aminoterminal domain of DctD shares significant homology with the amino-terminal domains of other two-component regulators and has been proposed to regulate DctD activity in response to the presence of dicarboxylates through a conserved trans-phosphorylation reaction with the sensor protein DctB (1, 13, (16) (17) (18) . The carboxy-terminal domain of DctD shares homology with helix-loop-helix DNA-binding domains of a variety of proteins, including the carboxyterminal domains of NifA and NtrC (8) . The carboxyterminal domains of these two proteins have been shown to bind to DNA sequences approximately 140 bp upstream of the transcription initiation site (7, 12) . Here, we have investigated whether the central domain of DctD, like the central domain of NifA, is transcriptionally competent in the absence of the amino-and carboxy-terminal domains.
We made an initial deletion of a portion of the DctD amino-terminal domain which removed the first 81 amino acid residues of a total of 121 amino acids in the aminoterminal domain (pJS5). This was accomplished by making a transcriptional fusion of the dctD gene to the lacZ promoter of pUC18 at a Sall site in the middle of the DctD aminoterminal domain. An AUG codon located 16 bp downstream from the fusion junction is the probable translational start for this truncated DctD protein. A second transcriptional fusion of the lacZ promoter to the entire dctBD operon (pJS7) was constructed by cloning a 2.7-kb BamHI-SalI fragment carrying dctB and the 5' end of dctD into the Sall site of pJS5, thereby reconstructing the dctD gene. A translational fusion of the detA promoter to the Escherichia coli lacZ gene was previously created through transposition mutagenesis of dctA with Tn3-HoHol (14) . AXhoI-BglII fragment from this previously existing translational fusion, carrying the dctA promoter and a portion of the dctA-coding region fused translationally to lacZ, was cloned into the SalI-BamHI sites of pACYC184 to create a reporter plasmid (pACdctA:lacZ) for monitoring DctD activity (see Table 1 for a list of strains used in these experiments and additional details about the construction of the recombinant plasmids).
We have previously demonstrated that deletion of the amino-terminal domain of the R. meliloti NifA protein had little effect on its ability to activate the R. meliloti nifH promoter in E. coli (9) . The effect of deleting a portion of the amino-terminal domain of R. leguminosarum DctD was examined by comparing the activity of the truncated DctD protein from pJS5 with the activity of the full-length protein from pJS7. Interestingly, the full-length DctD protein in the presence of the sensor DctB showed only a low level of activity in E. coli, which was induced about twofold by succinate or aspartate (Table 2 ). In contrast, the activity of the truncated DctD protein from pJS5 was about fivefold higher than the induced level of activity for full-length DctD. The high constitutive level of DctD activity following deletion of part of the amino-terminal domain is consistent with the proposed regulatory role of this domain. Because DctD is part of a two-component system, phosphorylation of its amino-terminal domain by DctB is most likely required for maximal transcriptional activity (18) . In the experiments for which the results are reported in Table 2 , deletion of the amino-terminal domain of DctD apparently substituted for the phosphorylation requirement, suggesting that the nonphosphorylated amino-terminal domain may normally inhibit the activity of the central domain.
To confirm that the DctD amino-terminal domain is not required for transcriptional activation, we created a more extensive deletion of the entire DctD amino-terminal domain. This was accomplished by creating, in pHAT1 (9) , an in-frame translational fusion of the R. leguminosarum dctD gene and the lacZ promoter at codon 140 of dctD, near the start of the DctD central domain (Fig. 1 ). This construction (pEH152) produces a truncated DctD protein (DctD-AN) which is similar to a previously constructed amino-terminal deletion of R. meliloti NifA (NifA-AN) which removes the entire NifA amino-terminal domain up to the EcoRI site ( Fig.  1 ) (9) . We also deleted the carboxy-terminal domain of DctD at a FokI site; this deletion resulted in termination within two Tcr, R. meliloti nifH'-lacZ, RK2 2 ori codons after codon 401 of dctD. The doubly truncated protein produced from pEH153 ( Fig. 1) , called DctD-ANAC, is similar to the previously described deletion of R. meliloti NifA (NifA-ANAC) (9) .
We tested DctD-AN, DctD-ANAC, NifA-AN, and NifA-ANAC for their ability to activate transcription from either an R. leguminosarum dctA-lacZ gene fusion (pCR12) or a R. meliloti nifH-lacZ gene fusion (pMB210) in E. coli. Table 3 shows that both DctD-AN and NifA-AN were able to activate the heterologous promoter (nifHp and dctAp, respectively) to a considerable extent. An additional deletion of the DctD carboxy-terminal domain caused a severe decrease in DctD-dependent activation of the dctA promoter, suggesting that DctD binding to the dctA upstream activation site (UAS) is required for efficient activation (Table 3) . However, the same truncated DctD protein was not affected in its (2, 8a) .
Activation of the dctA promoter by NifA-A&N and NifA-ANAC was also examined to see whether the carboxyterminal domain of NifA, which should not recognize the UAS for DctD present upstream of the dctA promoter, increased the efficiency of dct4 activation by NifA. We found that deletion of the carboxy-terminal domain did have a significant effect on the ability of R. meliloti NifA to activate transcription from the dctA4 promoter, causing nearly a fourfold decrease in activation in the absence of the carboxy-terminal domain (Table 3 ). This demonstrates that in contrast to the results with the truncated DctD protein, an NifA (pEH32) 18 ± 4.5 24,032 ± 1,746 a ,-Galactosidase activity with the cognate activator carrying an intact carboxy-terminal domain. Results are expressed as the mean ± standard error. Assays of NifA activity were carried out with 3-ml cultures of YMC21 containing the indicated plasmids which had been grown for 16 h in LB medium (11) plus 0.2% glutamine and appropriate antibiotics at 28'C. Cultures were bubbled continuously with a gas mixture of 1% 02, 5% CO2, and 94% N2 at a rate of 100 cm3/min per tube, as previously described (9) . Assays of DctD activity were carried out with 3-ml cultures inoculated with a fresh colony and grown for 6 to (4) . In addition, altering the spacing between the UAS and the promoter by other than full turns of the DNA helix decreases efficiency of activation, arguing against a sliding model for transcriptional activation for NifA (3, 4) .
Our results show that activation of certain promoters by a54-dependent activators is largely unaffected by deletion of the carboxy-terminal domain. Deletion of the DctD carboxyterminal domain resulted in only a small (25%) decline in activation of the nifH promoter. Deletion of the NifA carboxy-terminal domain resulted in a more substantial decline in activation from the dctA promoter, suggesting that some nonspecific DNA binding by the carboxy-terminal domain or binding to cryptic NifA-binding sites may contribute to activation of the dctA promoter by NifA. However, the significant amount of transcriptional activity at detA remaining after deletion of the NifA carboxy-terminal domain confirms that any nonspecific DNA binding by the carboxyterminal domain is not essential for activity.
The lack of an absolute requirement for DNA binding in transcriptional activation is an unusual property for a group of transcriptional activators. Although substantial evidence now exists for transcriptional activation at c54-dependent promoters in the absence of activator binding to upstream DNA, the possibility of an interaction between the central domain of the activator and the DNA of the promoter itself cannot be ruled out. If a sequence-specific interaction between a o&4-dependent activator and a promoter does occur, it may be possible to identify the nucleotides involved in activator binding through a careful study of point mutations in the promoter region. One such mutation, which increases activation of the Klebsiella pneumoniae nifL promoter by NtrC and decreases activation by NifA, has been reported previously (10) .
